This cross-sectional study aimed to describe the pattern of smoking in relation to occupational hazard exposure in a working population in Guangzhou, China. In 1994, data on smoking and occupational hazard exposure from occupational health records of 8,304 subjects aged 35 years or older from 47 randomly selected factories were studied. About 49% of the men and 55% of the women were exposed to dust, chemicals or other hazards. The prevalence of smoking was 56.1% in men and 2.0% in women. The prevalence of smoking in men was higher in those who were younger, with primary education or who were workers. In women, those who were older, with primary education or in management jobs had higher smoking prevalence. In men and women, subjects who were exposed to occupational hazards had higher smoking prevalence: the highest (71.6%) was found in male workers exposed to dust. Urgent tobacco control measures are needed to prevent the epidemic of smoking-related and occupation-related diseases in the workplace in China.
INTRODUCTION
The high prevalence of smoking and the increasing incidence of mortality attributable to smoking in China is a major public health problem locally and globally. 1 While most studies on smoking are usually published in the Chinese literature, a few have recently appeared in international journals and have aroused much concern and interest. In the field of occupational health in China, the main concern is with exposure to occupational hazards; smoking is often not a priority for health promotion or protection in the workplace. There are few reports which focus specifically on smoking prevalence in relation to exposure to occupational hazards in the working population. A study in a large petrochemical complex in Shanghai showed that smoking was positively associated with sick leave after adjustment for age, alcohol consumption and exposure to chemicals. However, the prevalence of smoking in the men exposed to chemicals was similar to those who were not exposed (80% compared with 79%). 5 A study on byssinosis in Guangzhou showed that 67.6% of the men in two cotton factories smoked, compared with 61.9% in control workers who had no history of exposure to dust or other toxic substances. 6 Because of the small number of woman workers who smoked, no further analysis on female smoking patterns was possible in both studies.
This study aimed to describe the pattern of smoking in a working population aged 35 years or older in relation to their exposure to occupational hazards and other demographic variables.
METHODS
In 1988, the 'Guangdong Province Labour Safety and Hygiene Regulations' were enacted by the Guangdong Province People's Congress. From 1990 From -1992 , under the direction of the Guangzhou Occupational Diseases Prevention and Treatment Centre (GODPTC), an Occupational Health Surveillance Record System was established based on the regulations. The aim was to establish two main types of records: (1) Individual Worker's Health Surveillance Record (a 20 page record book) and (2) Industrial Hygiene Records (13 data forms), for all factories of county level or above. These records were designed by the GODPTC. Occupational health surveillance teams were formed by medical and hygiene personnel who had undergone a training programme specifically organized for establishing the record system. All workers were medically examined and were classified into exposed and unexposed categories. Their demographic characteristics, work history, medical history and smoking history were also recorded in their individual records. Those with abnormalities detected were followed-up and received advice or treatment as appropriate. Workers classified as exposed to hazardous substances were to be examined annually.
Industrial hygiene measurements were recorded for each factory and were evaluated to identify areas which needed improvements. Advice on improvements was given, followed by further evaluations. By the end of 1992 when the record system was completed, 860 factories and about 400,000 workers were included. This covered 84% of all factories and 81% of all workers eligible. Because information in the individual worker's records was not computerized and there were no resources to do so, detailed analysis of workers' data, such as the prevalence of smoking, were not available. In 1994, the present study was initiated as a pilot study to plan for the setting up of a cohort to study the effect of smoking and occupational exposures on mortality. Factory doctors from 47 randomly selected factories were requested to retrieve 28 items of information, including demographic characteristics, smoking history (amount smoked per day and years of smoking), occupational exposure category (e.g. dust, chemicals, physical and other hazards, without specifying the nature of the substances) and common diseases detected, from the records of all workers who were aged 35 years or older when the record was first established, onto standard data retrieval forms. The lower age limit of 35 years was chosen because the cohort had to include older workers to increase the yield of mortality in future follow-up studies (there were not enough resources to include younger subjects). The response rate of the factory doctors was 100%.
The data were entered and checked by using EPI-INFO and analyzed by SPSS-PC. Statistical procedures used included % 2 test > Fisher exact test, •-test, analysis of variance, and the Cox proportional hazard model. The latter was used to estimate the prevalence rate ratio (PRR) for smoking after adjusting for other factors. 7 Two factories (with a total of 324 workers) were randomly selected from the 47 factories for double data retrieval and entry and the agreement was over 98%.
Smokers were defined as those who smoked at least one cigarette per day. As there were few occasional or ex-smokers (only 30 subjects), they were classified as non-smokers.
RESULTS
A total of 8,304 persons aged 35 or above, 4,637 men (55.8%) and 3,667 women (44.2%), from 47 factories were included. The distribution of the factories by nature of industry was: light industry, 17; mechanical and electrical, eight; chemical, six; pharmaceutical, three; packaging, three; textile, three; construction materials, two; electronics, one; fuel, one; metallurgy, one; others, two. Twelve of the factories were under the GODPTC and the rest were from the eight district anti-epidemic stations of Guangzhou. Each district contributed three to seven factories. Table 1 shows the demographic characteristics of the sample. About 49% of the men and 55% of the women were classified as subjects exposed to one or more occupational hazards. The commonest occupational exposure was to chemicals, followed by physical factors (e.g., noise) and dust (mainly silica, cement, welding and organic dusts). The prevalence of smoking was 56.1% in men and 2.0% in women ( Table 2 ). The prevalence of smoking in men was the highest in those who were younger, i.e. aged 35-54 years (57-59%), with primary education (61%) and who were workers (58%). Although the prevalence of smoking in women was low, some notable differences were obvious. The highest prevalence of smoking was seen in older women. Although not statistically significant due to small sample size, the management personnel had higher smoking prevalence (2.9%) than the workers (1.8%) but there was a similar decreasing trend of smoking with increasing educational level.
In relation to occupational exposures, the highest prevalence of smoking in men was found in those who were exposed to dust (71%). In women, it was found in those exposed to chemicals (6.6%), followed by dust (4.2%).
In Table 3 , the increase in risk of smoking was first estimated by the crude PRR which showed that, in men, increased risk of smoking was associated with younger age, lower education, being a worker and being exposed to dust. After adjusting for each other, the results were similar. After stepwise procedures, only age, education and occupational exposures remained in the final model. The adjusted PRR's in the stepwise model were similar to those in the model which included all five variables and are not reported here.
In women, re-grouping was necessary for age and education because of the small number of smokers. The crude PRR showed that increased risk of smoking was associated with older age, lower education and exposure to chemicals and dust. After adjustment, the results were similar. After stepwise procedures, the two factors remaining in the model were age and occupational exposures.
In Table 4 , after breakdown by occupation and gender, the group with the highest prevalence of smoking was identified: 71.6% of workers exposed to dust were smokers. With the exception of female workers, the subjects exposed to dust had the highest prevalence 'These remained statistically significant after stepwise procedures. In the final stepwise model: in men, marital status and occupation were dropped and in women, education, marital status and occupation were dropped. On average, the men smoked 17.9 cigarettes per day (95% confidence interval [CFJ = 17.6-18.2) and they had smoked for 20.4 years (Cl = 20.0-20.8) whereas the women smoked 9.1 (Cl = 6.6-11.6) cigarettes per day for 8.1 years (Cl = 5.8-0.4). Analysis of variance showed no increase in amount smoked per day in dust-exposed subjects compared with the unexposed subjects (data not shown).
DISCUSSION
In the first national smoking prevalence survey in subjects aged 15 or above in China in 1984, 65.71% of male workers and 7.32% of female workers were smokers (regular and occasional). 8 Male workers' smoking prevalence was the highest among all occupational groups, followed by peasants (male: 63.73%; female: 6.63%) and government functionaries or cadres (male: 59.20%; female: 6.51%). In Guangdong, of which Guangzhou is the provincial capital, the prevalence was 66.92% in male workers and 69.77% in male cadres; the corresponding figures in females were 7.07% and 1.68%. Excluding occasional smokers (those who smoked less than one cigarette per day), the prevalence of regular smokers (those who smoked one or more per day), in men for workers and cadres was 62.68% and 64.69% respectively and the corresponding figures for women were 5.87% and 1.68%. Since 1984, although a second national survey was conducted in 1991, prevalence of smoking in workers is not yet available. It should be noted that the above data were obtained by interviews in community surveys and are not comparable with our data which were based on medical examinations by factory doctors in the workplace. Nevertheless, these data show clearly that smoking in workers is certainly a major public and occupational health problem in China.
In our review of the literature, we did not find reports on smoking in relation to various occupational exposures in China. In the present study, as a descriptive cross-sectional study, we have described the prevalence of exposures to smoking and occupational hazards in a reasonably representative working population in a major city in China and we have identified the groups most at risk. The latter should be the most important target for preventive measures.
Smoking and exposure to occupational hazards especially dust and chemicals are the two most important health hazards in the working population. In addition to the independent effects of each factor, the two factors can have synergistic (additive or multiplicative) effects when smoking workers are exposed to the work hazards. One important example is lung cancer. 9 The high prevalence of smoking in workers exposed to dust is a major concern and the combined exposures, if not prevented, will lead to very high incidence of lung cancer and other respiratory disorders in the next decade. Although we did not measure exposure to environmental tobacco smoke, the high prevalence of smokers suggests that many non-smokers are exposed to passive smoking. A recent study in China showed that passive smoking in the workplace was associated with coronary heart disease. 10 While the present emphasis in occupational health in China is on prevention of exposure to occupational hazards, we urge that the prevention of smoking should also be a top priority for health promotion in the workplace. This is particularly relevant for the factory doctors as they are in the best position to help their patient workers to quit smoking. Advising patients to quit smoking should be more straight-forward for the doctors than to advise management to improve the work environment because the latter is constrained by resources and technology. It is useful for occupational health doctors to remember that when two risk factors interact (e.g. smoking and dust), addictively or multiplicatively, removal of one factor (e.g. smoking) will take away the effect of that single factor and the interaction effect of both factors (smoking plus dust) and the health benefit will be substantial. Smoking cessation is the most cost-effective health promotion measure in the workplace and this is particularly the case in China and other developing countries in which occupational exposures are usually high and smoking prevalence is increasing. Urgent tobacco control measures are needed to prevent the epidemic of smokingand occupation-related diseases and mortality in the workplace in China.
